Initial clinical experience
with a system for the digitization, processing, and display of film radiographs is described. Film is digitized using a high-intensity laser scanner the recorded image data may then be subjected to a wide variety of processing options, with display of processed images on television monitors. This report describes early clinical experience with a system for the digitization, processing, and display of film radiographs. An evaluation of the potential utility of the system for the display and interpretation of radiographic images of the chest and of film mammograms was one goal of this study. It was also desired to explore the possibility of performing digitial angiographic subtraction from film arteriograms, with comparison to conventional analog subtraction techniques. An energy-selective cassette was used for dual-energy studies of the chest and abdomen. In the chest, a primary objective was the evaluation of the potential for characterization of lung nodules via the dual-energy method.
In the abdomen, application of dualenergy technique to improve renal visualization during excretory urography has been of major interest.
Materials and Methods
A commercially available system for the digitization, processing, display, and computer storage offilm radiographs (Digirad System One) was used in these studies; the major system components are shown in figure 1 . A unique energy-selective cassette ( fig. 3 ) was used to simultaneously create film radiographic images exposed with higher-and lowerenergy x-ray spectra. The exposure of two x-ray films with different x-ray spectra is achieved by means of a single exposure (single kilovoltage setting) with conventional x-ray equipment. The front film in the cassette is initially exposed with the relatively low-energy incident x-ray spectrum; the x-rays then pass through a metallic filter before exposing the back film with an x-ray spectrum of higher mean energy than that which exposed the front film ( fig. 3 ). The two radiographic images are digitized separately and processed using previously described photoelectric/Compton decomposition algorithms [1 1 to produce selective materials cancellation images. The details of construction of the energy-selective cassette, including the types of screens and filter material used, are proprietary to Digirad Corporation.
Selected clinical radiographs of the chest and film mammograms were digitized and displayed with the system described. The digitized images were then processed and displayed using the processing and display options available, in an effort to determine whether certain of the display options might be capable of improvement in depicting normal and/or pathologic structures, compared with the original film radiographs. 
Discussion
When evaluating the utility of a system for digital processing of film radiographs, it is appropriate to examine the functions that radiographic film serves at present. Radiographic film serves three functions:
as a detector (along with intensifying screens), as a display, and as a storage medium. The objective of a system such as that described here is to combine the excellent characteristics of film as a detector (in terms of dynamic range and spatial resolution) with the flexible imageprocessing and display capabilities of a digital system. While film is an excellent medium for recording x-ray information with wide dynamic range (about 1 2 bits), fewer than 8 bits of this range may be perceived by display on a conventional viewbox.
Accurate film digitization via laser scanning permits recording and display of the entire 1 2-bit dynamic range of film while retaining high spatial resolution [2] . Thus, it is the improvement in the display function of radiographic film that was sought in our studies.
In radiography of the chest, it is necessary to both record and optimally display a wide dynamic range of transmitted xrays, since there is much less x-ray attenuation in the lungs than in nonaerated soft-tissue regions, principally the mediastinum.
In conventional posteroanterior radiographs of the chest, zones such as the retrocardiac region, costophrenic sulci, and mediastinal contours are often underexposed, resuIting in a lack of film information in these areas, when the lungs are optimally displayed.
With film-based digital radiography of the chest, the ability to display the entire film dynamic range offers the possibility for optimal display of the entire chest from a single x-ray exposure by appropriate display windowing and/or choice of special processing and display options. Figures 4A and 4B 
